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ByOrdwayB.Gates,Jr.,andLeonardSternfield
SUMMARY
.
A theoreticalinvestigationhasbeenmadetodeterminetheeffect.
onthelateralstabilityofa typicalhigh-speedfighteraiqhne ofan
autopilotsensitivetoyawingvelocity.Theef’fectsofinclinationf
thegyrospinaxistotheflightpathandoftimelagintheautopilot
werealsodetermined.Theflightconditionsinvestigatedincluded
landingatsealevel,approachconditionat12,000feet,andcruisingat
50,000feetatMachnumbersofO.80and1.2.Theresultsoftheinves-
. tigationindicatedthatthelateralstabilitycharacteristicsofthe
airplaneequippedwiththisautopilotshouldsatisfytheperiod-damping
criterion.Airplanemotionsubsequenttoa disturbanceinsideslip
* arepresentedforseveral
timelagintheautopilot
representativeflightconditionsinwhicha
f0.10secondwasassumed.
INTRODUCTION
Recentflightestsofaircraftdesignedfortransonicandsuper- -.
sonicspeedshaveindicatedthatpoorly,dampedlateraloscillationsare
encountered.A meansforprovidingadequatedampingofsuchoscillations
istherefored sirable,Theresultspresentedinreferencel.showthat
thedampingOZthelateraloscillationofanairplanecanbeimprovedby
. useofautomaticstabilization,a dthet~”of autopilotwhichresulted.
inthegreatestimprovementindampingwasfoundtobeonewhichapplies
ruddercontrolproportionaltothe@wingangularvelocity.Suchan
. autopilotwasinstalledintheBoeingXB-47and,accordingtoreference2,
theflightestsofthisairplanewiththeautopilotinstalledindicated
anincreaseinthedampingofthelateraloscillation.
thepresentinvestigationstodeterminetheeffectof
. autopilotnthelateralstabilityofa tjpicalfighter
fortransonicandsupersonicspeeds.
Thepurposeof
thistypeof
airplanedesigned
2Theeffects
of..thegyrospin
pilotsystemare
presentedinthe
sideslipandplots
oftheoscillation
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onthelateralstabilitycharacteristicsof’inclination .
axistotheflightpathand-oftimelagintheauto-
alsodiscussed.Theresultsof.theinvestigationare
—
a
formofmotionsubsequenttoaninitialdisturbancein
angleof
angleof
angleof
ofthetime”todamp-tohalf-amplitudeandtheperiod
fordifferentflightconditions.
SYMBOLSANDCOEl&CIXNTS
roll,radians
yaw,radians
sideslip,radians(v/v)
yawingangularvelocity,radianspersecond(dy/dt)
rollingangularvelocity,radians‘persecond(d@/dt)
sideslipvelocityalonglateralatis,feetpersecond
airspeed,feetpersecond
massdensityofair,slugspercubicfoot
H
dynamicpressure,poundspersquarefoot $#
wingspan,feet
wingarea,squarefeet”
auxiliary-control-surfacearea
rudderarea
weightofairplane,pounds
massofairplane,slugs(w/g)
accelerationduetogravity,feetpersecondpersecond
relative-densityfactor(m/~b)
anglebetweenlongitudinalbodyaxisandprincipalxis,
positivewhenbodyaxisisaboveprincipalxisatnose,
degrees
.-
*
l
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Y
kxo
%zO
!xO
Kx “
%
.
%xZ
cl
.
Cn
.
inclinationofprincipallongitudinalaxisofairplanewith
respectoflightpath,positivewhenprincipalxisis
aboveflightpathatnose,degrees(a- c)
angleofflightpathtohorizontalxis,positiveinclimb,
degrees
radiusofgyrationin
feet
radiusofgyrationin
nondimensionalr dius
rollaboutprincipallongitudinalaxis,
yawaboutprincipal
.ofg~ationinroll
longitudinalaxis(kxolb)
verticalaxis,feet
aboutprincipal
nondimensionalr diusofgyrationinyawaboutprincipal
verticalaxis (kZ/)Ob .
nondimensionalr diusofgyrationinrollaboutlongitudinal
stabilityaxis(~
Kx2cos~+ Kzo2sin~
o )
nondimensionalr diusofgyrationinyawaboutvertical(istabilityaxis Kz02cos~+ Kx2sin~o )
nondimensionalproduct-of-inertiapar meter((Kzo2- KX02) )sinv coso
trtiliftcoefficient(%--9
rolling-moment
yawing-moment
lateral-force
, coefficient
(
RollinR
)
moment
qSb
(w )
.
coefficientYawi momentqSb
co fficient(
Lateralforce
qs )
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&y(+ =—
P ap
&nCnp=—
*V
acy
9p =-@
2V
t time,seconds
sb nondimensionaltimeparameterbasedonspan (Vt/b)
differentialoperator()
d
q
L3cn
c
‘r==
&y
cYr = ~
2V
P periodofoscillation,seconds
T.10 timeforamplitudeofoscillationtod~p toone-~lfitsAlc originalvalue
T2 timeforamplitudeofoscillationtodouble
a realpartofcomplexrootof.characteristic
.
.
itsoriginalvalue
abilityequation
co angular
b0s=-0
v
X.= a*iuE
frequency,radianspersecond
.
.
1*
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“
timelagbetweensignalforcontrolanditsactualmotion,
seconds
deflectionftheauxiliarycontrolsurface,radians
acn
q 1control-effectivenessparameters
angleofattackwithrespectolongitudinalbodyaxis,degree~
(Seefig.l.)
inclinationofgyroreferenceaxistolongitudinalbodyaxis,
degrees(Seefig.1.)
inclinationofgyroreferenceaxistolongitudinalstability
orflight-pathaxis,degrees(Seefig.1.)
incrementof Cnr duetotheautopilot
incrementof C% duetotheautopilot
incrementof Czr duetotheautopilot
incrementof Clp duetotheautopilot
yawing“velocityaboutanaxisperpendiculartogyroreference
axis,radianspersecond(~GA= $SACos~ + @SASin g)
()88AK controlgearingratio % GA
cL~A liftperunitdeflectionfauxiliarycontrolsurface
6 NAC!ATN2470
.
1 distancefrom
pressureof
h distancefrom
preswreofl
Subscripts:
centerofgravityofairplaneto
auxiliarycontrolsurface,feet
centerof
airplanelo.~tudinalbodyaxistocenterof
atiiiiarycontr”ol“surfac”e,“f et
GA autopilot,gyroaxis
SA stabilityaxis
BA airplanebodyaxis
A auxiliarycontrolsurface
R rudder
ANALYSIS .
. . . . . .. ..:.
Equationsofmotion.-
tostabilityaxes,forthe
Rolling
Yawing
.
..
.— —
Thelinearizedquationsofmotion,referred
condition-ofc ntxolsfixedare:
.
.
-.
.
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l
xs~When floe issubstitutedfor @, ?@b~oehsbfor ~,and 130e
for 13intheequationswrittenindeterminantform(where@o, *0,
.
and 130refertdtheconstantcoefficientsinthesolutionfor @, ~,
and 13,respectively),L mustbe
A??+ BL3+
where
A=
a rootofthestabilityequation
(1)rl~2+DL+E=o
B=
4%KXZC2B-+ c~c2r- c~KXZ%B+‘XZcn~cYp- %%Ypc7~-
Kx2cyrcnp+ %Zcyr%p)
lCCCD=-~nrZpy~
- l#@p +
.
.
&’npcZPcYr-&Zrc~%p +&lrcZ~cYp
8The
givenby
wherea
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dampingandperiodofthelateraloscillationinsecondsare ‘
theequations
0.693b
‘2=—-a. v
a.<o
a>o
and u. aretherealandimaginarypartsofa complexroot
ofstabilityeq~tion(l).
Stabilityderivativescontributedbyautopilot.-Inordertoanalyze
theeffectonthelateralstabilityofanairplaneofinstallinganauto-
pilotsensitivetorateof~w, thederivationfequationsdescribi~
theincrementsothestabilityderivativeswhichmustbeIncludedin
theequationsofmotionisnecessary.Thesystemofaxesemployedin
thederivationsisshowninfigure1. Sincetheequationsofmotionare
derivedwithrespecttothestabilityaxes,theautopilotderivatives
mustalsoberelatedtothestabilityaxes.Theautopilot,hroughuse
ofanauxiliaryuddersurface,introducesa yawingmoment--aboutthe
verticalbodyaxisanda rollingmomentabouthelongitudinalbodyaxis,
bothofwhichareproportionaltotherateofyawwithrespectoan
axisperpendiculartothegyroreferenceaxis;thatis,
*
Now,
.
“
.
.
2*
.
.
,
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,
()~.12SA=
()clSA =
Therefore,by substitution
(cn)SA= (%5ACosa - C~,A
(%)SA= ~28Aco”a + %A
()cn~ cosa - ().Cz~ sina
Cz~A() ()cosa+C n~ sina
h6A .,
whereK .—. TheanglesE and a
theusualsimplifcation“is
totheangleinradiansand
equationsthereforeb come
(cdSA=(%A-
made.thatthe
thecosineis
)’25A K
)ac%A K
Equations(2)maybewritteninthe
9“”
areassumedtobe small.Thus3
sineofa smallangleisequal
equaltounity.Thepreceding
.
form
()cnsA=
()C2SA=
[
(2)
.
w
.
.
10
where
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#
.——
Thus
.
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ThecontroleffectivenessparametersCWA and CZ8L oftheauxiliary‘“ ‘“
ruddersurfacearegivenbytheexpressions -.*
,
(4)
ValuesforthederivativeCL8A wereestimatedfromunpublishedtheo-
reticalresultsbasedontheWeissingerlifting-surfacetheory.When
these xpressionsfor c~A and CZ8A aresubstitutedinequations(3)
thefollowingequationsresult:
1(5)
ThevaluesofthederivativesCnr, C
~, Clr) and Clp whichappear
* inthestabilityequationsmustbemodifiedthereforetoincludethe
increments~q~ ~nps ~2r~ and ~2p0
Forthisinvestigationa furtherassumptionhasbeenmadethatthe
a centerofpressureoftheauxiliarysurfaceislocateda negligible
distancefromthefuselagecenterline;thatis, h isapproximately
.
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equaltozero.Also;theproduct~a isconsideredtobeofsecond
orderandtermsinvolvingthisproducthave-beeneglected.
Equations(5) becometherefore:
.
l
(6)
2C1 =0
P ,. J
ThederivativeCL8A isalgebraicallypositive;therefore,when ~ is
.
a negativeangle(t-&tisjforthegycoreferenceaxisbelowtheflight
path)j~np iepositive.Similarly,whena isnegative,.2Cjris
positive.Itwillbe shownina subsequentsectionentitled“Results .
andDiscussion’tthatthetermAClr hasonlya negligibleeffectonthe
dampingof-thelateraloscillationoftheairplaneandwastherefore
omittedintheanalysis.
Ifthelocationof-theauxiliarysurfaceissuchas.tomakethe
assumptionh = O invalid,theincrementsothestabilityderivatives
shouldbecalculatedfromequations(5).
RESULTSANDDISCUSSION
.
Thepresentinvestigationwasundertakentodeterminewhetheran
autopilotsensitivetorateofyawwouldsatisfactorilyimprovethe .
inherentlypoorlateralstabilitycharacteristicsofa typicalhigh-
speedfighterairp~ane.Themotioninsideslip
sequent-toa rudderdeflectionf10°inflight
conditionat12,000feetisshowninfigure2.
ofsuchanairplanesub-
fora simulatedlanding
Thelandhggear
.
.
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andflaps~ereextended.Themassandaerodynamiccharacteristicsfor
thisflightconditiona dotherconditionsconsideredtoberepresenta-
tiveofthistypeofaircraftarepresentedintableI. Themotionof
figure2 isapproximatelyundamped(T1/2= 100see)andhasa periodof
2.5seconds. 1
Iftheassumptionismadethattheautopilot’gyroaxisisalined
withthelongitudinalstabilityaxis,theautopiloteffectivelyonly
introducesthederivativeACnr.As indicatedina previoussection
entitled“Stabilityderivativescontributedbyautopilot”theexpres-
SA
sionfor ACnr isa functionoftwoparameters,—— andthecontrolSw
gearingratioK,whichmaybearbitrarilyselectedbythedesigner.
Itwasthereforen cessaryfirstodeterminethevalueof ACnr which
wouldgivesatisfactorylateralstabilityandthentodeterminethe
SA
combinationsf — and K whichwouldresultinthatprescribedvalue ,
%
Of Wnr.
Thecriterionforsatisfactorylateralstabilityasspecifiedin
reference3 isshowninfigure3. Thetimerequiredfortheamplitude
oftheoscillationtobereducedtoone-halfitsoriginalvalue
,%/2
. isplottedagainstheperiodP. Fortheflightconditiondescribed
previously,thevalueof Cnr= -1.0.Theperiod-dampingrelationship
. oftheairplaneforthisvalueof Cnr islocatedontheunsatisfactory
sideoftheboundary.Theperiodforthebasicflightcondition,as
pointedoutbefore,is2.5secondsand T1/2 isabout100seconds.
When Cnr wasincreasedto-2.0,thatis, ACnr~ -1.0,theperiod;
dampingrelationshipalmostexactlysatisfiedthecriterion.For
Nnr = -2.0,therelationshipissuchastofallwellintotheacceptable
range.Thus,for ACnr= -1.0or-2.0,theperiod-dampingrelatloriship
ofthisairplanewouldbesatisfactory.
A theoreticalanalysiswasmadethereforetodeterminetheamount
ofauxiliaryareanecessarytogivetheseincrementsof Cnr fordif-
.
ferentgearingratiosoftheautopilot.Theresultsofthisanalysis
arepresentedinfigure4. Theratio‘A
.
~
l
insteadof ‘A—, sincea partoftherudder
%
usedastheauxiliarycontrolsurface.A
b
hasbeenusedasenordinate
surfaceiaassumedtobe
NACATN2470
.
Thecombinationsfgearingratioandauxiliaryareawhichwould
resultina 2Cnr= -2.0 forthepreviouslydescribedflightcondition h(conditionI,tableI)aregivenby thecurve&nr = -2.0.Forthe
gearingratio f2 to1whichwasselectedfcmthesubsequentanalysis,
therequiredareaisapproximately20percentoftherudderarea.This —
gearingratio f2 to1meansthattheauxiliarysurfacewillbe
deflected2°fora rateofyawof1°persecond.Fortheratesofyaw
encounteredonthisairplane,thisvalueforthegearingratioisreason-
able.Thevalue of ACnr obtainedbyuseofa specificauxiliary
surfacewillbedifferentforotherflightconditionssinceitsmagni-
tude variesdirectlywithairspeed.(Seeequation(6).)
Effectofinclinationofthegflo axis.-Theassumptionwasmadein
theprecedinganalysisthattheautopilotgyroaxiswasalinedwiththe
flightpatho~longi.tudinalstabilityaxis.Sincetheequationsof
motionarederivedwithrespectothestabilityaxes}theautopilotwas
ineffectincreasingonlythestabilityderivative(!nr.Forthistype
ofautopilottheangularitybetweenthelongitudinalbod~axisandthe
gyrospinaxis,oncefixedlispreservedforallflightconditionsand
thereforethegyroaxisisalinedwiththeflightpathforonlyoneangle
ofattack.
Foranyflightconditionwherethegyroaxisisnotalinedwiththe
flightpath,thatis, &~ O,theautopilot.issensitivetobothyawing
androllingvelocitiesabout hestabilityaxes.Hence,anincrementto
theyawingmomentproportionaltorollingvelocityabout hestability
axesmustalsobeintroducedintotheequationsofmotton.Thisaddi-
tionalyawingmomentduetorollingvelocityisineffectanincrement
inthestabilityderivativeC
%“
Thisderivative~p hasbeenshowntohaveu importanteffecton
thedampingofthelateraloscillation(references4 and5). If ZWnp
isalgebraicallypositiveitwillhavea stabilizingeffectprovidedit--
isnotallowedtobecomexcessivelylarge.lf ‘nD becomestoolarge
a positivequantity,anotheroscillationwhichbecom~slessstablewith
furtherincreasesin AC%? willbeintroduced. l“:
CalculationstakingintoaccounthederivativeC% weremadeforthefourflightconditionsdescribedintableI inordertodeterminea l
valuefortheangle~ (seefig.1)whichwouldbesatisfacto~throughout
therangeoflikelyflightconditions,Numerousvaluesoftheangle4
wereinvestigatedan theresultsarepresentedinfigure5. Theperiod
oftheoscillatorymodeP andthetimetodamptohalf-amplitudeT1/2 .
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.
insecondsareplottedagainstheangleo indegrees.Fortheflight
conditionat12,000feet(fig.5(a))thedampingoftheoriginaloscil-
latorymode,denotedby (TI/2)1,continuestoimproveas o isincreased
inthepositivedirection.Theperiodofthismodeincreasesslightly
as Q isincreasedto29,butbeyondthisvalueitbecomesomewhatless.
Fora valueof @ approximatelyqualto2°a secondoscillatorymode
isintroducedintothesystem.Thedampingandperiodofthismodeare ....
sho~as (T1/2)2and p2jrespectively.For o $ 2° thissecond
oscillationbecomesrapidlylessstableandfor @ > 8° thismodeis
unstable.Theperiodofthissecond,oscillationatfirstdecreases,
butfor # > 30 thetrendisreversedandtheperiodbecomeslonger
forfurtherincreasesin O. Theformationfthissecondoscillation
anditssubsequentdecreaseinstabilitywithincreasesin ,@ isdue
tothelargepositivevaluesofthederivativeL!Cnp.Theperiodofthis
secondoscillationis,ingeneral,muchlongerthanthatoftheoriginal
oscillation.
Forthelandingconditionatsealevel(fig.5(b)),thedampingof
thelateraloscillationcontinuestoimprovewithincreasesin O,while
theperiodincreasesonlyveryslightly.Fortherangeof O investi-
gateda secondoscillationwasnotintroduced.Theresultsforthesub-
soniconditionat50,000feetare showninfigure5(c).As O is
increased,thedampingoftheoriginaloscillationimprovesconsiderably;
. whiletheperiodofthisoscillationisrelativelyunchanged.For @ >5°
a secondoscillationisintroducedwhichbecomesrapidlylessstablefor
furtherincreasesin 0. Theperiodofthismodecontinuestodecrease
. fortherangeof o investigated.Forthesupersonicconditionat
50,000feet(fig.5(d)),thesametrendsarenotedfortheoscillation
whichispresentfor d= 0° aswerenotedforthesameoscillationin
thesubsoniccondition;thatis,thedampingbecomesgreateras o Is
increasedandtheperiodisrelativelyunchanged.For O >50, a second
oscillatorymodeagainisintroducedwhichbecomeslessstablefor
largervaluesof 4. Theresultshowninthesefiguresindicatethat
thedampingofthelateraloscillationwillbe satisfactoryforallthe
conditionsdiscussedif @ isbetween0°and5.20.
Effectoftimelagintheautopilotntheairpl.anemotions..An
experimentalfh-equency-responseinvestigationofanautopilotsimilsr
totheonediscussedinthispaperlndlcatedthattheassumptionfa*
constanttimelagmaybejustified.Thetimelagfortheeqerimentall.y
investigatedautopilatwasfoundtobelessthan0.10second.Theeffect
“ ofa timelagintheautopiktof0.10secondonthelateralstability
oftheairplanewas determinedbythemethodsofreference6 andwas
foundtobenegligible.Inordertoverifythisresult,theairplane
motioninsideslipsubsequenttoa disturbanceinsideslipofsowas
calculatedforeachoftheflightconditionsdiscussedpreviouslyand
a’timelagdf0.10secondwastakenintoaccount.Themot-, which
.
werecalculatedbyusinga step-by-stepprocedure,wereobtainedfor
twovaluesoftheangleO,
-# and~, andtheresultsarepresented
infigure6, Thevaluesof T12 and P asdeterminedfromthese
1curvesarealmostidenticalwit thevalueforthecorrespondingflight
conditionasshowninfigure5 forwhichzerotimelagwasassumed.‘
For o = 5.20, thepresenceofa secondaryoscillatorymodecanbe
detectedintheflightconditional12,000feetandinthehigh-speed
conditionatX,000feet.Alt30,for @ = -#, thedampingoftheoscilla-
tion forthelandingconditionatsealevelandthesubsoniccaseat
50,000feetbarelysatisfiesthedampingcriterionfreference3.
Effectof AC!IW.-TheautopilotderivativeAC!?=wasdiscuseedin
L. L
a previoussectlograndwasassumedtobenegligiblein_thepresent—
analysis.Inordei”tojustifythisassumption,themotionfor Q = 5.~o ‘- -
forthesubsoniccaseatm,000feetwascalculated”bytakinginto
accounthederivativeACZ_ asdefinedinequations(6). Pointson
theresultingcuxveareshohinfigure6 forconditionIII.Itisreadily
seenthatthederivativeAClr hasnoeffectonthemotionforthis
—
case. .
Additionalcalculations.-Theassumptionwas@de intheprevious
analysisthat.thecenter.ofpressureoftheauxiliarysurfacewaslocated’
.-
onthe,fuselagecenterline,thatis, h = Q. Inordertodeterminethe5 .
effectoflocatingthesurfaceata position..abovethefuselagecenter
line,someadditionalcalculationsweremadeforthecenterofpressure
.
of thesurface6 feetabovethefuselagecenterline&=4* ‘everal
inclinationsfthegyrosyinaxiswereinvestigatedforeachofthe
flightconditionsdiscussedpreviouslyandtheincrementsothestability
derivativesCnr)%# %r, and C2P werecalculatedfromequa-
tions(5).A comparison.ofthe.wluesof T1/2 and P obtainedfor -—
—.
thesetwocenter-of-pressurelocationsi presentedintableII. The
valuesof AC!nr and LLln wereassumedtobethesameforbothcenter-?I haof-pressurelocationsforeach~o-axisinclinationsincetheterm~
inequations(~)isnegligiblewhen.it~iscomparedwithunity.In
general,theresultsforbothcenter-of-pressurelocationsshowthesame
*
htrends.For ~ =0.24 thespi~lmode (/)%21 islessstablethan a
wasindicated’bytheresultsfor } = 0. Theformationfthesecond
oscillatorymodeforeachconditioni vestigatedoccursathighervalues
of o forthe..highcenter-of-pressurelocationthanforthecaseswhere . .
ho Thedecrease”inspiralstabilityisdueprimarilytothelarge
.
-=0b
.
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. positivevaluesof AClr;whereasthe
additionaloscillatorymodeisdueto
b of Ac& andthenegativevaluesof
17
delayintheformationfthe
boththelargepositivevalue
x~p. Forthevaluesof @ which
resultedinsmallvaluesof LCzp,theperiodanddampingoftheoscil-
latorymodewereonlyslightlyaffectedeventhoughACzr waslarge.
Forexample,thevalueof z!CZrforconditionIVisapproximatelyten ..
timesaslargeasthe Clr oftheairpl=”e,butfor @ = 2°,where
L&zp= -0.03,theonly,significanteffectisonthespiralstability.
Thegeneraleffectoflocatingthesurfaceabovethefuselagecenter
lineistoshifthecurvesoffi~e 5 alongthe
tivedirection.Asa result,therangeof @ for
ofthelateraloscillationwillbe satisfactoryis
highervaluesof @ thanforthecaseof h = O.5
center-of-pressurelocation,aninclinationofthe
as10°willresultinsatisfactorystability.
CONCLUSIONS
. Thefollowingconclusionswerereachedfroma
@ axisintheposi-
whichthestability
extendedtoinclude
Forthisparticular
gyro axisofasmuch
theoreticalnalysis
oftheeffectonthelateralstabilityofa typicalhigh-speedairplane
ofanautopilotsensitivetorateofyaw:b
1.Thedampingofthelateraloscillationoftheairplanestudied
foralltheflightconditionsdiscussedshouldsatisfytheAirForce-
Navycriterionwhentheproposedautopilotisinstalled.
2. Whentheeffectofa rategyroonthelateralstabilityofa
particularirplaneisana@ed itisimportanttotakeIntoaccount
thehcl-tionof thegyrospinaxistothefli@tpath.Fortheuse
Ofg= 0,valuesof ~ between0°and7 weresatisfactoryforthe
configurationsm idered;wh=eas,for ~ . 0021t,valuesupto10°
l resultedinsatisfactorystability.
3. A timelagintheautopilotf0.10secondhada negligible
l effectonthecalculatedlateralstabilityoftheairplaneanalyzed.
LangleyAeronauticalLaboratory
NationalAdvisoryCtitteeforAeronautics
LangleyField,Va., June27, 1950
.
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MASSANDAERODYNAMICCHARACTERISTICSOFA HIGI&Sl?EED
AIRPLAN?IATVARIOUSFLIGHTCONDITIONS
Altitude, ft
W/~,lb/sqft
~, SqR
b,ft
p,slugs/cuft
V,ft/sec
Machnunber
Z/b
7, deg
CL
Pb
KX2
%*
%Z
q,deg
6,deg.
CZp,perradian
Ctr)Perradian
Cnpjperradian
c~r,perradian
Cyp,perradian
Cyr)Perradian
CyP,perradian
Cnp) perradiem
C~P,perradian
a,deg
~,deg
K
C%A}perradian
SA
—
‘R
I
12,000
53
in
O.0016:;
458
0.43
0.80
-19.2
0.29
40
0.0181
0.153$
-0.01/%
-8.5
5.2
-0.33
0.37
0.22
-0.984
0
0
-0l79
0.41
-0.23
-3.3
-3.3-0
2
-0.027
0.20
Condition
II
5;
in
25
0.002378
235
0.21
0.80
0
0.80
$?7.
0.0156
0.156
0
5.:
-0.30
0.35
-0.05
-0.77
0
0
-0.59
0.29
-0.17
5.2
5.2-#
-0.02;
0.20
III
50,000
53
175
25
0.000361
776
0.80
O*8Q
o.k~”
182
0.0156
0.156
0.002
0.85
3.35
-0.33
0.23
-0.05
-0.69
0
0
-0.58
0.25
-0.18
4.2
4.2”-@
2
-0.027
0.20
IV
50,000
53
175
0.0003%
1169
1.2
0.80
0
0.22
182
0.0159
0.155
-0.006
-2.75
3.35
-0.33.
0.15
-0.01
-0.67
0
0
-0.57
0.23
-oo11
0.80
0.8.0
-0.02;
0.20
,...
.— —
TAmx II
COMPA2T20EOFF%RIODMT)TDR?TO WTOOHE—WMPU3UD2 FCRTJO
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